
Non-mammalian Mutation Comments Reference

C. elegans Various models available. Reviewed in Chamberlain and Benian. 
2000

Drosophila Various models available. Reviewed in Lloyd and Taylor, 2010

Zebrafish Dystrophin-null sapje model has served as an excellent high-throughput 
system for drug screening. 

Reviewed in Kunkel et al., 2006; 
Berger and Currie, 2012

Murine* Mutation Comments Reference

Mdx Exon 23 point mutation Most widely used model.  On the C57BL/10 background.  Available 
from the Jackson Laboratory (JL#001801). Bulfield et al., 1984

Albino Mdx Same as mdx Mdx on the Albino background. Krivov et al, 2009
Mdx/BALB/c Same as mdx Mdx on the BALB/c background. Schmidt et al., 2011

Mdx/BL6 Same as mdx
Mdx on the C57BL/6 background.  This strain has been used to generate 
IL-10/dystrophin dko mice (Nitahara-Kasahara et al., 2014) and 
myostatin/dystrophin dko mice (Wagner et al., 2002).

Duan et al., unpublished

Mdx/C3H Same as mdx Mdx on the C3H background. Schmidt et al., 2011

Mdx/DBA2 Same as mdx Mdx on the DBA2 background.  More severe dystrophic phenotype. 
Available from the Jackson Laboratory (JL#013141). Fukada et al., 2010

Mdx/FVB Same as mdx Mdx on the FVB background. Wasala et al., 2015

Mdx2cv Intron 42 point mutation Chemically induced mutation.  On the C57BL/6 background.  Fewer 
revertant fibers.  Available from the Jackson Laboratory (JL#002388). Chapman et al., 1989 

Mdx3cv Intron 65 point mutation

Chemically induced mutation. On the C57BL/6 background.  All 
dystrophin isoforms are eliminated but a near-full-length dystrophin is 
expressed at ~5% of the wild type level.  Available from the Jackson 
Laboratory (JL#002377).

Chapman et al., 1989 

Mdx4cv Exon 53 point mutation Chemically induced mutation. On the C57BL/6 background.  Fewer 
revertant fibers.  Available from the Jackson Laboratory (JL#002378). Chapman et al., 1989 

Mdx5cv Exon 10 point mutation
Chemically induced mutation. On the C57BL/6 background.  Skeletal 
muscle disease is more severe.  Available from the Jackson Laboratory 
(JL#002388).

Chapman et al., 1989 
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CRKHR1 Unsequenced, dystrophin deficiency 
confirmed by immunofluorescence staining

ENU chemically induced mutation on the C3H background, screened for 
and found to have an elevated CK, centrally nucleated myofibers and 
dystrophin deficiency.

Aigner et al., 2009

Mdx52 Exon 52 deletion Targeted inactivation. On the C57BL/6 background.  Hot-spot mutation. Araki et al., 1997

Mdx βgeo Insertion of the β-geo gene trap cassette in 
intron 63

LacZ replaced the CR and CT domain.  All dystrophin isoforms are 
mutated.   The full-length dystrophin-LacZ fusion protein is not 
detectable but Dp71-LacZ fusion protein can be detected.  

Wertz and Füchtbauer., 1998

DMD-null Entire DMD gene deletion Generated by Cre-loxP technology. Kudoh et al., 2005

Dp71-null Insertion of a β-geo cassette in intron 62.  It 
disrupts Dp71 unique exon 1 

Selective elimination of Dp71.  Dp71 promoter driven LacZ expression. 
Similar LacZ expression pattern as mdx βgeo but muscle is not 
dystrophic. Dp71 deficiency is associated with early cataract formation 
in mice.

Sarig et al., 1999; Fort et al., 2014

Dup2 Exon 2 duplication The only duplication mutation model.  On the C57Bl/6 background. Wein et al., 2014

NSG-mdx4cv Prkdc and IL2rg double deficient on the 
mdx4cv background

B cell, T cell and NK cell deficient.  Innate immunity deficient.  Multiple 
cytokine signaling pathway deficient.  NSG mice are available from the 
Jackson Laboratory (JL#005557).

Arpke et al., 2013

Rag2–Il2rb–Dmd– Rag2 and IL2rb double deficient on the mdx 
βgeo background

B cell, T cell and NK cell deficient.  Multiple cytokine signaling 
pathway deficient.  No revertant fiber.  Rag2/Il2rb double knock out 
strain is available from Taconic (#4111).

Bencze et al., 2012; Vallese et al., 
2013

Scid mdx 
DNA-dependent protein kinase catalytic 
subunit deficient (prkdc) on the mdx 
background

B cell and T cell deficient.  Available from the Jackson Laboratory 
(JL#018018). Farini et al., 2007

W41 mdx C-kit receptor deficient on the mdx 
background

Haematopoietic deficient.  Good for study bone marrow cell therapy in 
the absence of myeloablation by irradiation. Walsh et al., 2011

α7/dystrophin dko or 
mdx/α7–/– α7-Integrin/dystrophin double deficient 

Severe dystrophic phenotype.  Two independent lines exist.  One is 
generated by Mayer and colleagues.  The other is generated in the 
Burkin lab.

Rooney et al., 2006; Guo et al., 2006

Adbn–/– mdx α-Dystrobrevin/dystrophin double deficient Severe dystrophic phenotype. Grady et al., 1999

Cmah-mdx Cmah/dystrophin double deficient Severe dystrophic phenotype.  Humanized model.  Available from the 
the Jackson Laboratory (JL#017929). Chandrasekharan et al., 2010

d-Dko δ-Sarcoglycan/dystrophin double deficient Severe dystrophic phenotype. Li et al., 2009

Phenotypic dko mice

Immune deficient mdx mice
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Desmin–/– mdx4cv  Desmin/dystrophin double deficient Severe dystrophic phenotype. Banks et al., 2014

Dmdmdx/Largemyd like-glycosyltransferase 
(LARGE)/dystrophin double deficient Severe dystrophic phenotype. Martins et al., 2013

DMD-null; Adam8-/- ADAM8 deficient and entie DMD gene 
deletion

This mouse is on the DMD-null background (Kudoh et al., 2005).  
ADAM8 deficiency hinders invasion of neutrophils into the damage 
myofiber.  As a consequence, injured myofibers are not efficiently 
removed in dystrophin-null muscle. 

Nishimura et al., 2014

Dysferlin/dystrophin dko Dysferin/dystrophin double deficient

Severe dystrophic phenotype.  Two independent lines exist.  One is a 
cross between naturally occurring dysferlin-null A/J mice and mdx5cv 
mice.  The other is a cross between dysferlin knockout mice and mdx 
mice.

Han et al., 2011; Hosur et al ., 2012

IL-10–/–/mdx Interleukin-10/dystrophin double deficient Severe dystrophic phenotype. Prominent cardiomyopathy. Nitahara-Kasahara et al., 2014

mdx/mTR Telomerase RNA/dystrophin double 
deficient 

Severe dystrophic phenotype.  Two strains available at  the Jackson 
Laboratory.  One is on the mdx4cv background (JL#023535).  The other 
is on the mdx background (JL#018915). 

Sacco et al., 2010

mdx:MyoD –/– MyoD/dystrophin double deficient Severe dystrophic phenotype.  MyoD is only expressed in skeletal 
muscle.  Interestingly, dko mice show severe dilated cardiomyopathy. Megeney et al., 1996

mdx:utrophin –/– (Grady 
strain) or mdx/utrophin –/– 

(Deconinck strain) 
Utrophin/dystrophin double deficient 

Severe dystrophic phenotype.  Two independent strains exist.  Both are 
available at the Jackson Laboratory.  In the Grady strain (Utrntm1Jrs 
Dmdmdx), all utrophin isoforms are inactivated by a targeted mutation at 
the utrophin CR domain (JL#016622).  In the Deconnick strain 
(Utrntm1Ked Dmdmdx), only the largest utrophin isoform is inactivated 
by a targeted mutation at utrophin exon 7 (JL#014563). 

Deconinck et al., 1997; Grady et al., 
1997

PAI-1–/– mdx 
Plasminogen activator inhibitor-1 (PAI-
1)/dystrophin double deficient Dko mice show early onset fibrosis and higher CK than mdx. Ardite et al., 2012

msDKO Cytosolic γ-actin/dystrophin double deficient  Phenotype similar to that of mdx. Prins et al., 2008

iNOS-null mdx or           
iNOS/Dys DKO iNOS/dystrophin double deficient

Phenotype similar to that of mdx.   Two independent strains exist.  The 
Tidball lab stain is on the mdx background.  The Duan lab strain is on 
the mdx4cv background.

Villalta et al., 2009; Li et al., 2011a

PVKO-mdx Parvalbumin/dystrophin double deficient Phenotype similar to that of mdx. Raymackers et al., 2003

Dko mice with phenotype similar to mdx

Dko mice with reduced disease
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cIAP1–/–;mdx 
Cellular inhibitor of apoptosis 1 
(cIAP1)/dystrophin double deficient

Reduced disease. Soleus pathology reduced.  Diaphragm function 
improved. Enwere et al., 2013

Fib–/–mdx Fibrinogen/dystrophin double deficient Reduced disease.  Inflammation and degeneration reduced.  
Regeneration, grip strength and treadmill improved. Vidal et al., 2012

Finp1-/-mdx4CV
Folliculin interacting protein-1 (Fnip1) 
deficint mice on the mdx4cv background.

Disease reduced due to Finp1-deficiency associated switch to type I 
fiber.  Central nucleation and the CK level are reduced.  Membrane 
integrity improved.  

Reyes et al., 2014 December 29 
(online publication ahead of print)

Mdx-casp Caspase-12/dystrophin double deficient Reduced disease.  Muscle force improved. Myofiber degeneration 
reduced but central nucleation, CK and fibrosis not changed. Moorwood and Barton et al., 2014

mdx/Mkp5–/– 
Mitogen-activated protein kinases 
phosphatase-5 (Mkp5)/dystrophin double 
deficient

Reduced disease. Reduced degeneration, CK.  Improved regeneration, 
grip strength and EDL force. Shi et al., 2013

mdx/myd88–/–
Myeloid differentiation primary response 
protein 88 (myd88)/dystrophin double 
deficient

Reduced disease. Skeletal muscle disease is reduced in 12-m-old mice 
but not in 2 to 4-m-old mice.  Heart disease is reduced in 10 to 12-m-old 
mice.

Henriques-Pons et al., 2014

mdx/q–/– Protein kinase C q (PKCq)/dystrophin 
double deficient

Reduced disease. Reduced degeneration and inflammation.  Improved 
regeneration and treadmill performance. Madaro et al, 2012

mdx/sgk1–/– Serum-and glucocorticoid-induced kinase 1 
(sgk1) and dystrophin double deficient

Reduced disease. Improved specific force, muscle fatigueability, and 
histology.  Normalization of fibrosis. Steinberger et al., 2014

mdx-Xist∆hs Xist/dystrophin double knockout Variable level of dystrophin expression as low as 5%. van Putten et al., 2013

Mstn–/–/mdx Myostatin/dystrophin double deficient Reduced disease.  Limb muscle is more muscular and stronger.  
Diaphragm fibrosis is reduced. Wagner et al 2002

OPN DMM Osteopontin (OPN)/dystrophin double 
deficient

Reduced disease.  Improved regeneration and grip strength.  Reduced 
inflammation and fibrosis. Vetrone et al., 2009

Full-length dystrophin 
transgenic mdx

Transgenic over-expression of full-length 
dystrophin in the mdx background

Multiple lines were generated by different labs.  All show protection. 50-
fold over-expression is not toxic to skeletal muscle.

Cox et al., 1993; Phelps et al., 1995; 
Wells et al., 1995

Dp71 transgenic mdx Transgenic over-expression of Dp71 in the 
mdx background

More severe disease confirmed by two independent lines made in two 
different labs.

Cox et al., 1994; Greenberg et al., 
1994

Dp116 transgenic mdx4cv Transgenic over-expression of Dp116 in the 
mdx4cv background More severe disease. Judge et al., 2006

Dp116:mdx:utrophin –/– Transgenic over-expression of Dp116 in the 
utrophin/dystrophin dko background

Improved growth, mobility and lifespan but no change in histopathology, 
specific force and CK. Judge et al., 2011

Transgenic mdx mice
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Dp260 transgenic mdx Transgenic over-expression of Dp260 in the 
mdx background

Reduced but not completely prevented histopathology.  Improved 
resistance to eccentric contraction injury but did not improve specific 
force.

Warner et al., 2002

Dp260 in mdx/utrn–/– Transgenic over-expression of Dp260 in the 
utrophin/dystrophin dko background Severe lethal phenotype is converted to mild myopathy. Gaedigk et al., 2006

∆17-48 transgenic mdx
Transgenic over-expression of the naturally 
occurring ∆17-48 mini-dystrophin gene in 
the mdx background

Two independent lines were generated.  Both showed muscle protection. Phelps et al., 1995; Wells et al., 1992
and 1995

∆H2-R19 transgenic mdx 
Transgenic over-expression of the synthetic 
∆H2-R19 mini-dystrophin gene in the mdx 
background

Completely reduced histopathology and normalized muscle force but did 
not restore sarcolemmal nNOS. Harper et al., 2002

Cardiac-specific ∆H2-R19 
transgenic mdx

Transgenic over-expression of the synthetic 
∆H2-R19 mini-dystrophin gene in the heart 
of mdx mice

Effectively protected but did not fully normalize the heart. Bostick et al., 2009

∆H2-R15 transgenic mdx
Transgenic over-expression of the synthetic 
∆H2-R15 mini-dystrophin gene in the mdx 
background

Complete correction of the dystrophic phenotype including nNOS and 
functional ischemia.

Lai et al., 2009; Hakim and Duan 
2013

Micro-dystrophin transgenic 
Transgenic over-expression of various 
synthetic micro-dystrophin genes in the mdx 
background

Many lines are established for different microgenes.  ∆R4-23 and ∆R4-
23/C yield excellent protection but they don't restore nNOS.  Hinge 2 in 
these two microgenes compromises function.  ∆R2-15/R18-19/R20-23/C 
contains hinge 3 and is the only microgene capable of restoring nNOS.

Harper et al., 2002; Li et al., 2011b; 
Sakamoto et al., 2002, Hakim et al., 
2013; Wang et al., 2008; Ferrer et al 
2004 

Fiona Transgenic over-expression of full-length 
utrophin in the mdx background Excellent protection but does not restore nNOS. Tinsley et al., 1998; Li et al., 2010

Laminin α1 transgenic mdx
Transgenic over-expression of the laminin 
α1 chain in the mdx background

Used to study laminin-111 protein therapy.  Phenotype appeared to be 
very similar to mdx, without any benefit or harm. Gawlik et al., 2011

Canine Mutation Comments References
Alaskan malamute dystrophic 
dog

Unknown but dystrophin deficiency is 
confirmed Case report. Ito et al., 2011

CKCS-MD Intron 50 point mutation resulting in 
exon 50 exclusion from the mRNA 

Spontaneous mutation in the Cavelier King Charles Spaniel (CKCS) 
breed. Small breed.  Hot-spot mutation.  Colony maintained at Royal 
Veterinary College, UK.

Walmsley et al., 2010

Cocker spaniel dystrophic 
dog Deletion of four nucleotides in exon 65 No colony established. Kornegay et al., 2012
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CXMDj Same as GRMD
GRMD crossed to the beagle background.  Small breed. Reduced 
phenotype. Colony maintained at the National Center of Neurology and 
Psychiatry, Japan.

Shimatsu et al., 2003

GLRMD Same as GRMD Hybrid background of golden retriever and Labrador retriever. Miyazato et al., 2011

Grand Basset Griffon 
Vendeen dystrophic dog

Unknown but dystrophin deficiency is 
confirmed Case report. Klarenbeek et al., 2007

GRMD Intron 6 point mutation resulting in the 
exclusion of exon 7 from the mRNA

Spontaneous mutation in the golden retriever (GR) breed.  Similar 
disease as human patients.  Most widely used dog model.  Multiple 
colonies exist worldwide.

Valentine et al., 1986; Cooper et al., 
1988; Kornegay et al., 1988

GSHP MD Whole gene deletion Spontaneous mutation in the German short haired pointer (GSHP) breed. Schatzberg et al., 1999

Hybrid cDMD dogs with 
mixed genetic background 
and multiple mutations

Various Generated by artificial insemination by crossing different cDMD breeds.  
Resembles genetic diversity seen in human patients.

Fine et al., 2011; Miyazato et al., 
2011; Shin et al., 2013a; Shin et al 
2013b; Yang et al 2012; 

Japanese spitz dystrophic dog
Inversion between intron 19 of dystrophin 
gene and retinitis pigmentosa GTPase 
regulator gene (RPGN)

Case report. Jones et al., 2004; Atencia-Fernandez 
et al., 2015

Labrador Retriever BMD dog Unknown Case report.  Low-level uniform expression of a ~135 kDa dystrophin 
protein.  Mild phenotype.  This is the only reported BMD dog case. Baroncelli et al., 2014

Labrador Retriever 
dystrophic dog

Unknown but dystrophin deficiency is 
confirmed Case report. Bergman et al., 2002

Labrador Retriever 
dystrophic dog Repetitive element insertion in intron 19 Spontaneous mutation.  Colony maintained at the University of Missouri 

and Auburn University. Smith et al., 2007

Lurcher dystrophic dog Unknown but dystrophin deficiency is 
confirmed

Case report of two pups in the same litter. Possible response to L-
carnitine supplementation in one of the pups. Giannasi et al., 2015

Miniature schnauzer 
dystrophic dog

Unknown but dystrophin deficiency is 
confirmed Case report. Paola et al., 1993

Norfolk Terrier dystrophy Unknown but dystrophin deficiency is 
confirmed No colony established. Beltran et al., 2014

Old English sheepdog 
dystrophic dog

Unknown but dystrophin deficiency is 
confirmed Case report. Wieczorek et al., 2006

Rat terrier dystrophic dog Unknown but dystrophin deficiency is 
confirmed

Case report. Unusual hypertrophic presentation in the cervical and 
proximal limb muscles. Wetterman et al., 2000

Rotteweiler dystrophic dog Nonsense point mutation in exon 58 No colony established. Kornegay et al., 2012; Winand et al 
1994b
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Tibetan terrier dystrophic dog Exons 8-29 deletion No colony established. Kornegay et al., 2012

Weimaraner dystrophic dog Unknown but dystrophin deficiency is 
confirmed Case report. Baltzer et al., 2007

Welsh Corgi MD LINE-1 insertion in intron 13 Spontaneous mutation.  Colony maintained at the University of Missouri 
and Auburn University. Smith et al., 2011

Other Mammalian Mutation Comments References

DMD rat #1 Exon 3-6 deletion using the CRISPR/Cas 
technology New model. Nakamura et al., 2014

DMD rat #2
Frame shifting 11 bp deletion in exon 23 
using TALEN technology, creates premature 
stop codon

New model.  5% revertant fiber expression.  More severe skeletal muscle 
fibrosis than mdx .  Fibrotic lesions in myocardium, though showed 
concentric hypertrophy rather than eccentric. 

Larcher et al., 2014

DMD cat #1 Dp427 promoter and exon 1 deletion Spontaneous mutation.  Prominent muscle hypertrophy.  Independent 
cases have been reported in USA and UK.

Winand et al., 1994a; Carpenter et al., 
1989; Blunden and Gower., 2011

DMD cat #2 Similar but not identical deletion as in DMD 
cat #1

Spontaneous mutation.  Primary symptom is regurgitation due to 
megaesophagus.  However, there is no muscle hypertrophy. Gambino et al., 2014

BMD pig Exon 41 missense mutation (changing 
arginine to tryptophan) 

Spontaneous mutation.  Dystrophin expression is reduced to ~30% of 
normal. The primary clinical manefestation is stress-induced sudden 
death.  Minimum dystrophic symptom. 

Nonneman et al., 2012

DMD Pig #1 Engineered deletion of exon 52 Hot-spot deletion. Marked utrophin upregulation. Klymiuk et al., 2013

DMD Pig #2 Cre-LoxP engineered deletion of exon 52. Hot-spot deletion. Rogers and Swart., 2014

*, The name of the mouse model is according to the first publication that described the model.
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